The dry bulb air temperature is still the most commonly used parameter to characterize the thermal environment, even though it disregards the effect of air velocity and the thermal properties of the flooring material on the heat loss from the animal.
Introduction
Mathematical animal heat loss models are used in converting the heat loss data obtained in feeding experiments into design values for ventilation engineers. In these conversions, gross simplifications are introduced, i.e. the heat loss is only a function of air temperature, live weight and production level (STRÖM and Zhang 1989) . This approach is a major reason why the dry bulb air temperature measured at a representative location is still the parameter most commonly used to characterize the thermal environment (HAHNet al. 1983) in practice. Another reason may be the abundance of simple and reliable methods for measuring the air temperature. Anyway, the dry bulb air temperature disregards the effect of air velocity and the flooring material on the heat loss from the animals. It also disregards the radiative heat loss.
The quantification of the thermal environment would be more accurate if the dry bulb air temperature were replaced by an effective temperature combining the cooling effect of convection, conduction and radiation with the cooling capacity of evaporation.
The aim of this project was to develop a method to simulate the sensible heat loss from the animals in order to obtain a good characterization of the thermal environment at the level of the individual animal on farms and to study whether the characterization given by the heat dissipating model is different from that given by the dry bulb air temper-ature. The method was to be sensitive enough to measure the small changes in the environment in order to evaluate the function of the ventilation system from the thermal point of view. The model was to be suitable for continuous measurement in pens even in the presence of animals.
Review of the literature
The cooling effect of the environment has been measured with a katathermometer (MOTHES 1971 , Trippe 1984 , Kunz 1985 which mesures the time needed for a heated bulb to cool from 35°C to 30°C. The cooling effect, measured by the katathermometer, does not measure the total heat loss from the animal. It gives an estimate of the maximum heat loss to the surrounding air (Trippe 1984) , but it disregards the heat loss by conduction to the floor, which is important for juvenile animals spending most of their time lying.
The heat loss from animals has been simulated by heat dissipating models. These models generally include the following assumptions (Hahn and BÖE 4. no postural adjustments. In the simplest heat dissipating models the heat flow from the wami body was calculated from the cooling time for a certain temperature interval (Ny-GAARD 1966) . This introduced the problem of changing temperature difference during the measurement. The problem was usually solved by measuring the cooling time for a narrow temperature interval, and by calculating the temperature difference from the average temperature difference during the measurement.
Insulated full-scale cow models have been used in estimating the feed energy requirement of beef cattle and suckler cows under unsheltered winter conditions (Webster 1971, Burnett and Bruce 1987) . The models were based on a constant internal temperature and on an overall thermal insulation, corresponding to that of a real animal. They ignored the evaporative component of energy exchange. A cylindrical 0.4-scale model gave similar thermal responses in a changing climate as the full-scale model (Jones 1982) .
Two heated models, one insulated, of the size and overall thermal resistance of a 40 kg lamb, and another uninsulated black copper sphere were used by Hahn and Böe (1985) in estimating the energy demand of lambs in different environments. The models were placed at a height of 0.5 m above the floor. The results of the two models were highly correlated (r = 0.96). The good correlation between the heating requirements of insulated and uninsulated models indicates that uninsulated models could provide an acceptable measure of the thermal environment (Hahn and Böe 1985) . The sensible heat flow from heat dissipating models is essentially the same as that from real animals, as summarized by the equation presented by Esmay and Dixon (1986) 
Construction of the heated model
To test whether uninsulated heated models provide an acceptable measure of the thermal environment, a heated model with an overall thermalresistance of 2 1 0.1 lm" KW was constructed. The surface area of the model was chosen so that the contact area of the model to the floor, 23.3% of the total surface, was about the same as that of a lying animal, which is about 20% (Gommers et al. 1970) .
With a given resistance and a constant voltage, the energy requirement of an electrically heated model can be calculated by measuring the time for the power to be switched on, and by multiplying it by the electrical power. The heat loss from the 2 .
model (Wm ") is then computed by division by the total measuring time and the surface area of the model.
The heated model was made ofa standard aluminium box used in electronics (125 * 80 * 57.5 mm) which was filled with ethylene glycol (50%). The amount of fluid was 0.3 kg. The mean temperature of the fluid during a heating cycle was 32.5°C, ranging from 31.5°C to 33.5°C. The model was heated with a heating element, placed about 2mm from the bottom surface of the vessel. The heating was controlled through a thermistor, which started and stopped a timer when switching the heating on Figure 1 .
The temperature difference, defined as the difference between the ambient temperature at the floor level and the mean temperature measured in the sensor tube during a heating cycle of the model, explained 98 -99% of the variation of the heat loss from the model in the laboratory which is in agreement with the general laws of sensible heat flow (Table 1) . These results indicate that the accuracy of the method is acceptable. When the temperature difference ranged from 7°C to 30°C, the linear regression line was: The values of the intercepts and the coefficients of the regression lines for the different flooring materials are presented in Table 1 . The fact that the regression coefficients calculated for the floor materials are different indicates that the model differentiates between conduction conditions which may occur in practice.
The effect of air velocity on the heat loss from the model was measured in a wind tunnel. To be able to maintain a constant temperature of the moving air, an air temperature of 15°C was used which corresponds to the temperature generally used in calf shelters. The regression between the air velo- The temperature of the upper surface of the model decreased with increasing air velocity, which explained the non-linearity of the regression between the air velocity and the heat loss in agreement with the general theory of convection.
These results confirm the conclusion that an uninsulated heated model with an overall thermal 2 1 resistance of less than 0.11 m KW can differentiate between conduction and convection conditions which may occur in practice.
Measurements on farms
The first farm tests on the model were made in cow shelters, simultaneously in a calf pen with a wooden slatted floor on Suitia experimental farm and in an uninsulated shelter with deep litter at Muurla, an experiment run by the College ofVeterinary Medicine (between 2 Feb and 22 Mar, 1990) . Additional tests were made in three piggeries, in farrowing house A between 27 Mar and 6 Apr, 1990 and in farrowing houses B and C between 14 Feb and 15 Apr, 1991. In the piggeries the model was placed on concrete floor in the farrowing pen in the lying area of the piglets, with 20 -30 mm of straw under the model. In farrowing house C there were hot waterheating tubes under the littered lying area. In the weaner house of piggery C the model was placed on a slatted floor made of galvanized welded mesh. There were animals in the pen during the measurements in the weaner houseand at Muurla.
On the farms, the dry bulb air temperature, i.e. the ambient temperature, was measured with Hg thermometers at an accuracy of O.l°C. The values of the thermometers were read daily at 8.30 a.m. and 4.30 p.m. The function of the thermostat of the Results from the cow shelters
The heat loss was measured in one week periods over five weeks. The lowest outside air temperature was -11.0°C, and the weekly means varied from -l.l°Cto +2.B°C. The average ambient temperature was 13.5°C at Suitia, ranging from 12°C to 15°C. The weekly means of the ambient temperature varied from + I.l°C to+4.3°C in the uninsulated shelter at Muurla. The heat loss was 206.1+11.5 Wm' 2 in the pen and 202.7±22.7 Wm~in the shelter (Table 2) . The difference in the thermal environment between the pen at Suitia and the uninsulated shelter with deep litter at Muurla is obvious, if the environment is described by the ambient temperature. If the thermal environment is described by the heat loss from the heated model, there was no difference between the environments. The heat loss in the uninsulated shelter was highly influenced by the heat produced by fermentation in the deep litter.
Results from the piggeries There were significant differences in the heat loss measured by the model when placed in different farrowing houses even though the measured average ambient temperatures were the same, 19°C (Table 3) .
The difference in the heat loss between farrowing house A and farrowing house B, about 50 Wm , corresponds to an increase of air velocity of 2 0.2 ms at an air temperature of 19°C.
The thermal environment of farrowing house C was compared to that of the weaner house of the same farm. Despite the higher ambient temperature the heat loss from the model was higher in the weaner house (Table 4) . After reducing the air velocity at the floor level by decreasing the ventilation rate in the weaner house, the difference in the heat loss disappeared.
Conclusions
The measurements on the farms showed that the dry bulb air temperature does not always give an accurate picture of the thermal environment. In conditions where animals should be sheltered free from draft, the heat loss simulated by mechanical models gives a more diversified description than the air temperature. These results completely agree with the conclusion of Hahn and BÖE (1985) that uninsulated models can provide an acceptable method of measuring the thermal environment.
The model is not able to regulate the heat loss, which in combination with the rather low heat re-2 i sistance of 0.11 m KW means that the model is more sensitive to changes in the environment than a live animal. The sensitivity of the model is not a disadvantage however, as the function of the ventilation system is measured. Even small changes in the environment can be detected with the model. Altough the model does not measure the heat loss from the animal, it gives an estimate of the maximum sensible heat loss. In this respect it resembles the katathermometer used by Trippe (1984) . The measurements on farms showed that the heated model was durable enough to be used on farms, even on the floor in pens where there are animals. Yet, the model cannot be used in unsheltered winter conditions, where the heat loss from the model exceeds 450Wm
. A heat loss of 465Wm means that the heating element is switched on all the time.
Although the uninsulated model is not a standardized device for measuring the thermal environment, it is a useful method especially under sheltered winter conditions as indicated by the measurements on the farms. The model can be used to adjust the ventilation and to estimate the effect of a change in the thermal environment, except a change in the relative humidity, on the heat loss from the animals. In studying the correlation between the thermal environment and the animal health the model provides a better description of the thermal environment than that given by the dry bulb air temperature.
As the thermal properties of the model are known, it is possible to calculate the corresponding effective temperature where the heat loss is only a function of the temperature. The effective temperature can then be used in the mathematical animal heat loss models to estimate the heat loss from animals in the situation measured. Mittaukset osoittivat, että ilman lämpötila ei aina anna tarkkaa kuvaa termisestä ympäristöstä. Lämpöä luovuttavat mallit antavat monipuolisemman kuvan termisestä ympäris-töstä kuin ympäristön lämpötila ja mallien avulla voidaan mitata eläinten oleskelualueella tapahtuvat termisen ympäris-tön muutokset.
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